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ABSTRACT

Propagetion mesasuremsnts are rsported for frequencies of 69.5 and 70.1 kilo-
megacycles per second over 3.5- and 7.,0-mile paths in the vicinity of Austiu, Texas.
These meanurements indicate that the cxyzer absorption is somswhat loss than that
pradictei by Van Vieck {1] whereas the water vapor abeorption is several timaa
thet prediotad,

The magnetron transmitter, the orystel video rsceivsr, ard the amssocietad

) PB T SeEi ' gyt Smg maoooc
squipmsnt ussd for the toziz gre desoribed in $he Fepori.

I. INTRODUCTION

The measuremsnts deacribed in this repor!t using a wavelength of 4.5 miiii-
meters are an extensior of previous measurements made at 8,6 millimeters {2, 3}
Tne equipment fur vh6 Longss wevslsizzth hed bmen mo desiznsd that &% was readily
adaptabie to the 4.3-miilimeter tesis as describsd latsr.

s? £A.5 kilomegscycles per second ™ms used on paths 3.5 and 7.0
frsgusnay of 70.1 kilomesacycies per second was used op the 7.C-

O P Y

»
S o mmemm

WLACE LVEEG taie @ e
mile path, Data was taken using tie 69.5 kmo/s sigral rfor five mimuts intervals
of time on ten days over the 3.5-mile peth and on six days over ths 7-mils path.
Similsr samples of data ware taken on 70.5 &ms/c oz tem days over the 7.0-mils
path.

A &
A frsgusnsy
.

Humidity measuraments mads at both enda of the path were found Vo agree mtis-
factorily with data obtained from the Weather Pureau. By plottinzg the loas relative
to the free space signal level as a function of the water vapor coptsat of ihs
atmogphere it was possible to estimate the 1loss due to water varor and that due

1o oxysan

Tane

The average woet and dry tuidb temperature meesuremants made ai ths trass-
mitting and receivirg sitos 4iffered by issc then one degree Fahremnhsiti from the

dnt» oblaine] from the Weathsr Dureaii-

Refrastometsr norsurements wo6ro made on & number of days sand the spectral
dietribdution of the refractive-~indsx fluctuaticus is occmpared to the specirum of
the miliimster fluotuations,
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IL. EEGEIVIR

The receiver used to detest the 4.3-miliimeter signals was of the orystal
video type and 1s shown in Figurs 1,

Through the courtasy of Bell Tslephone laboratories, one of their 5.4-miilie-
meter mperimsntel erysiale was made &vailable for use in this reseiver. This
cryatal wag of the cartrifge type and waz mounted iz a bress blook in such a paaner
ag t5 2llow waweguide to De Lold 4n alignment with ¢t he windows of ¢the crystal
ecervridze, One of the sections of wawaosnide was slotted in the plune of the electris
J.61Q and » plecs of O.Gﬁé inoh thiok phosphor-dronzes was passed throigh the slot
eod used s sn adjustsdbls shorting stub.

An B tuner conatructed of RG-38/7 silver waveguide with ghorting stubs of
noh phezphor-hronze passed through slots ir the E &nd H armee was placed
bstweer tha orystal holder and the calibrated atteruztor,

b

2

o
s

The aantennas usged wsia ﬂg@tienai erlindrioal horms that had been designad %o

£ [a]
— A e el Lok
= opbimmm 2imsssizms ot £.0 miiliime

T™he video anplifier hal a bendwidth of 15 mogacycles znd a minimum deteotablie
signal levsl of approximmtely A2 Adhm when ussd wiil an average vidsc ergstal, de-
tecting m 042% misrcsscond pulse at 9,3 kms/s. The video amplifiur was divided
into two parts. The pre-amplifier was mcunted on tvhe vasds bolding ths trystsl 2o
tector, the B tuusr, the salivratesd sttepmumtor; and the antenna. The main dody
of tha amplifier, the integrator, the metering cireuwits, arxd the power supply wers
pounted cn a chassis behiné a réiay rack pancl. A 20 foot length of c¢zble wras ussd
to sesnle tha pre-amplifier to the mainm amplifisr. A veliage derived from the
integretor was suppliad back as a blas to the stages =f thg main auplifier %o yToe
duce & 20-db-range recording ac=ale,

IIT, ARTANSAS

Tha antennas used u the 3 5-mile path omsisted of four seetions of the comical
horn which gave optimum dimenaicns at 8.6 mm =and bad zz antemne gainm of 24 &b, Ths
anteounas used on the 7-mlle patk sonsisted of zight sections of the conisal horn with
a hyperlolie lens of plaxiglass at the mouth to wedify $¥¢ mese froat 4o the extent
that ap effective capturs =rea of nesr ons mas reallized, These enlcinasd hed a zsis
of :;5.55 db, The antenpms used for c=lidbraiing the attenusior wars aincle sections
of the sylindrical horm 80 that all apecings betweer +hz Lransmitier and raceiver
the phsse front s essentlaily plane acrsss the mouth of the antennas.

IV. GCALIERATED ATTENUATOR

Tue calibrated ettssustor was ¢f the guiliotine iy a 2
o indicate $he depth of reuetreticr of the resistance matarial. Thée moving parte
un? tha dlacks ugsaed to asgembls the moving parts apd the silver waveguide ware

(o
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meds of stainleses stoel., The glaas upon whish nichrome wan evaporated was & 9.00%5
inci: thick mlorcscope alids sovsr. The gilass was cut cu 2o are whosd

ipches wilth & taatalume-carbide tipped asoribe, Tha ni ﬂhrnma wae
gless from a tanialum Yoad ab & ouaEbST pressure
after tha g)less had hean
gquare nichrome film was T 3 £ 14

glass with itp coatinz of resistasce matsriel was camented 1o » slot in the guil-

lotise with Ds Eictizsky ccmen

The attecustor was caiibratod by varving the spacing detweer ths trznamitier
and the Tecelvsy ¢vsr sush d1etexces a: to give known inorements of sttennation
besesd on the 4nvsran squere jew variation of gpowesr icvel. Talas procedure wag ro-

peated a number of times over tws different paths nnd a smooth curve wes drawn
through the averags of “hae poinis thus cbiaised., The maximum devisiion of the
points from the aversge was approximately 0,5 abd.

V. TRANSMITTER

The signal sdources ware osxperimental magnstrema 22 the fslumbie University
r]

design opersting st frequencies of £3.55 kme/s and 70.10 kme/s.

The antennas used on tho transmitter wsre identicsl with those used at the
receivar with the 34 4b antenna on the 3,R-mne rath and the :10-3 ab mtenaa on
the 7-=riile path, A view of the iransmiiter as used oz the ;.;r-mi‘__ patii 45 shown
in Mgure 2 and a view of the transmitter &5 used on the 7-miie path is shown in
Figure 7. A crystal dstector was usad 0 monitor the reistive psaik powsr iavel
and the pulss length, DPower outint charsoteriaties r2lative ¢ the svarsgs magne-
tron current amd filament veltage were dotermined by messmirements made over a 1000
toct path over s perioé of ¢ wo weeks,

Vi. MEASURING PROCEDURE

{a) 131000 foot Path

Moasuremanta werae made over « base path whouse longth was 1000 feet with
the transmitter axd receiver assemtlsd as they were used on the 3.5mile and 7-~mile
patha, Msasurexmente wers r=23 at raniom times durlng & two wosk ‘erioc. Thé re-
Bultas indicated the signal sirength oovld be msasured wiith an accuracy of ‘& 0,2 4b.
The base path also prgvmad a signs) level relativs to which the signal lavels

2 i am

orer viv B.Dsﬁi:;?s 2nd T-mile path wars msasursd.

{b} 3.5-mile and 7-mile Paths

™z Teceiver was looated on the 25th floor of the Univarsity tower for
3,5-:::11& path and the 7-mile path. "‘bis losstion was about 250 feet adove

be th the
round level amnd at an elevation of about 850 feet. TPor the 3,5-mile pat:z, th
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trensrittor wag located at the sntenna site (f KIEC.TV en Mourt Lerac: &t an eleva-
siom of 919 fast, Tha ground leval drvopped off f:om tha University tower, rising
nabmpﬁly at Mount Larson. A view of thias path &y meen from the Universiiy ‘ower
ig stowd iz Figure §.

For trs 7-mile path, the profile elevntion inereassd fairly uniformly
from the tass of the tower %o a vaiue of D10 feet at the Baloones Research Center.
T™he tranamitier vae located sdbout 10 Teet above ground for tho messuremernta. The
7~mii® path as seen fraun the Uulversity tower 1 shown in Figurs 5. The p=th is

ths amme as shown in Flgurs 3 of Repart No. 62 [21

Tolssecpio gun 6ights were sttashed $0 the aantenpaz and wore used for
P &

puinting the satsmua sach tira -easﬁzmata wers madc. After sligmmert, the 4.3~
miltimeton siona] was recomded for a poriod of thrse te five minmutes on an Hsterline-
Angus recorder,

Sling psychurometer readinga zt th2 irapsmitter giie and et the recsivy
site wors %alcen @ack tima signal strengiénh datz wors recorded, These roadings were
found to0 agree very closely with date obZained from the Weathsr Bureau., e dif-
farasse ia the smtar contant Of The aimosplisi® s Adveimsusu soom the ‘Dﬂ\‘h"m&‘t‘.‘!
messuremonte at the iwo <ads of the patd 41& oot szcedd 0,5 gram per cubin meier,
The averaze of the weluer mocoured at 4he snds of the path waeg assumed to b8 the
ararazs over the rnaih,

Hecordings were made on a number of the msasurement days of the refrac-
tive-index fluctuations &s given by a Craln refractometer {41 Simuiveneous re-
cordings of temperature fluctuations were also itaken using e caiibrated thermistor,

ntm are given is Table I. The loss waa
nd tho inverse square lgiEs wag remorad &o

$he Tres space valus. For beoth paths, ths sigual
noise retic was spprozimetely 10 db. The relative mrasuressats were made with
"

VIII, SEFARATION OF WATER VAPOR AND} CXYGRN 14SS

The loas in zxcess of the f1¢s upacs lors was redused to a per mile basis end
im =zi=p shown in Teble I, This data W plotted s a funotion of $ha weter v=pov

eontunt of Vu¢ atmesphere and is shown in Figurs o,

The line dArawn on %he Tigure is u lesast 'Sq_uﬁ:.‘u‘ line using ell of tb.
an ogual besisz, The root mSsm sgquars of the signal deviavion from ¢ iz
.04 db, Trem the y intercept, the uxygen absorption loss is iatiocated ta b- 0.2
3t pex sils end Crom the ulops of the 1ins, the w=tsr vapor absvrption {3 indicated
to ba 0.04 4d por mile por gmm of watzr waror per suble meter, The deviation cf

A, J)

the prints from this liné ars alsc indiomtan in Tabis I,

kh 1»
v
iil’ ]
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Because of the limited dlstribution of the points and because of the jiztted

azourescy of the maa.-uramanw. @enw@*s analvsia of the data on the two fruquancies
213 not seem desimble. rn riscn of the loss obtained from Figurv © wiik
thoss preilcted by Ven Vleck is as followe:
Prodicted
Msagured Theoratioel Loss
69,45 Kmo/s  7G,10 Xmo/s
Oxygen loss in Gb/mile 0.80 2 0.2 1.09 0455
Weter wapor losa in
dab/mis/grem/ 0.04 £ 0.0 0.Ci 0.012

If a sipgle line breadth comstant of 0,26 18 used in ths formula given in
rofaireroe Ll » The calcuiated water vayor absorption would asgres with the measured
vaiue of 0,04 4b per mils per gram of weter vapor per cubie maleT.

From =il of the 8.6 millimeter deta praviously reported, a median loge ot
0.017 &b per miis per prom ¢f waisy Tapsr par subla metar wez found, The iine
& ~t
reafdth constant of 0.26 ia alsc obtained frcm these davas

IZ, RADIN AND REFRACTIVE INDEX FLUCTUATIONS

The rangs of sigpal fluctuations for such sample of date is shown in Tabie I.
The minimm, median, and maximum fiuctuation Tangs £or the twa Alstances using the
§oi~miilimetor wavelsngth were as followa:

Toth Length iz mles 1Y} 7.0
Minimm FiucbuaSicn Rengs i= #® 0.2 1.0
Mazlmume Flustuation Rangs in 4d 1.4 2.2
Median Fluctuation Range in db 0.5 1.8

A recording miorowave refractometer was sot up on top of the transmitting truck
and index-of-refraction data were taken simlitazecusliy with ths mdio data on a
number of days. anmmtun flustuations wore alse measured at the sampling cavity
of the velrasicacte

Por tke dayas on whish these simulianesus dsta were taken, the recoiGings o
redio sigral strangth, refractive index and temperature wsre snalyzed ia the fol=-
LGWALE DaRnDsT?

1. Tae statistical diatribution of the data w25 plotted on Ceuasi
papor apd 2 straight iins was drawn threugh Wy poikis.

2, Ths 2= vaelnes of the fluctuations were odtained es ons-haif of the
Atffarenca batween the 167 sud 54% points on these grapus,

3. Antosorreiation functions were plotted using the correletion ocomputer
doveloped by F. Z, Brooks [5) Iram thess, the spectral distritution of the flustua-
tionz were obtained. {ne met of thess spestra iz shown in Mgure 7, There was
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remarkable agreement between tho shaps of the spectral &snsities for tamperaturs,
index mnd radio fluctuations in eask case,

it zhould be noted that the langth of sample was t00 short to determine. with
any degree of accuracy, the magnituds of the very low freguersy coatributions, The
¥ iniercapt polat represents the energy in & amall interval to tha right of the ¥ axls
£nd i3 sorowhat arbitrery ia that vhe average vaius of the autocorralation funastion
was mede zmerv, This difficulty Joea not affeot the accuracy of the BMS measuremsni.

The maguitudes of the RMS values of the f£lusfuations for data taitsn on the
7-mils path were as follows:

"3 Radlo S Index S Temparatur
Dute Signsl ¥inctuations Fluctuationa Fiuotustion
in &b iz ¥ units in %
8 Juns 1954 0,22 0,35 0.1
S Juns 35%% T3 Cido .l
11 June 1554 0.29 1.3;‘.’: 0,11
14- June 1954 Gs!ili " 5 001?
19 Juns 1954 Oea? 3.3"3 602':)
15 June 1954 0.34 0.93% 0,29
24 Juns 1;"‘ 0@36 1539 0,14

Trom thess Aats thoro appear 0 bs a definite sorrelation between the msagni-
tude of the radio fluctustions and the magnitude of the index frluctuations. In
Pgure 8, the RS values of the signal fluctuationa are plotted as & funsiics of RMS
vElugs of indéx-ofe-refraction fluoctuations, The line shown is » leasi maan scuare
Zrown throush the orlgin omlitting the three peints with ths largeat ingex flustuas=
tions,

Thess thirss poluts 4o 2ot 1t the trend of ths other points., In exch of thess

three cases, howevar, there was a slow drift of the index on which the rapid fluctua-

tions were superimposed. This slow drift was the predeminant factor iz the RIS of

the index flucetuation and had no counterpart in the radio signal fluctuations,

it is therefore feli that the zlow chamgs iz izdex of rafrection ka3 little affaeot

oo the radis fluctustiocns, but that the rapld iodex changes were very closély 1@~
ad ¢ A4 4 @

o ¢

sot

Another type of signsl strength fluctuation was notsd over the 1000
calitration path when antznnas with beam widtha of tho ordsr of 10 dagrees wars
used. This sigpal strength fluctuation of 2 A was asscciste2 with tane wind
blowine the 18 inew high sress on the path aod wi3 of & maich higher frequency than
that observed over the lopgor patha. The signal strengih fiuctuations over the
1500 foot path were reduced to 0.3 dd with the grass uncut by using the 1,7 degree

C A, cumBan ol

——— 4o o B ™ ns iaion
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£0 0.3 4% with the 10° entenne by cutting the gresa,
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X, OOMPARISGH WITH O.0-MILITMETER DATA

Lo -

Data wora taken in Marsh avd April 1955 over the sams iwo paths at = frequency
of 35 kmo/s, At thia frequency, the absorption loss wes muah less than for tne §.3
millimeter pmeasursmenta. The madisc fluctuation rangs was, howevar, arprximately
the sams ror the 8,6 miilimster than for the 4.2 miiiimeters.

A tz2intler comparison of these dats a2re &3 follows:

Path Length in miles 2.5 ée" TG T8
Wave Lepeth o ziiiimetern 2:5 B4 43 Db
Vumber of Smypise 1 & 10 19
¥edian Signal lavei in &b & o ~
belsw Cres Space o 040 o1 1.7
Median Flustuation raves 0.5 Ow il 1,0
XI, SIMARY

Propagation messurenents maie at iTequenciss of $9.45 £ad 70.10 kilomezaoyoles
per ssoond indicated $hat the abmornticn loss was approzimately that prediaetad by
theory. It was $nltca%z3 ROoWUVLP, Whet The ESEsuiwd absorptien due o oxyeen
wes goumswhat le2s than the thaosratiocel grd that the msasursd water vynpor abdbeorptiocn
wag sevoral times higher than that predicted by presant thoory.

Ygnal lovel fluctuations are interpreted as deing duu 6 index-of-refractica
fluctuaticns.
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